ROCKET AF excluded patients with mitral stenosis or artificial valve prostheses. We used Cox regression to adjust comparisons for potential confounders. Among 14 171 patients, 2003 (14.1%) had SVD; they were older and had more comorbidities than patients without SVD. The rate of stroke or systemic embolism with rivaroxaban vs. warfarin was consistent among patients with SVD [2.01 vs. 2.43%; hazard ratio (HR) 0.83, 95% confidence interval (CI) 0.55-1.27] and without SVD (1.96 vs. 2.22%; HR 0.89, 95% CI 0.75-1.07; interaction P ¼ 0.76). However, rates of major and non-major clinically relevant bleeding with rivaroxaban vs. warfarin were higher in patients with SVD (19.8% rivaroxaban vs. 16.8% warfarin; HR 1.25, 95% CI 1.05-1.49) vs. those without (14.2% rivaroxaban vs. 14.1% warfarin; HR 1.01, 95% CI 0.94-1.10; interaction P ¼ 0.034), even when controlling for risk factors and potential confounders. In intracranial haemorrhage, there was no interaction between patients with and without SVD where the overall rate was lower among those randomized to rivaroxaban.
Introduction
Recent trials have assessed the efficacy and safety of novel, oral, direct-acting anticoagulants in patients with non-valvular atrial fibrillation (AF).
1 -10 There has been some variation in the inclusion and exclusion criteria of these trials ( Table 1) . 1 -12 In general, non-valvular AF was considered to be present if there was no mitral stenosis, no heart valve prosthesis, and no valvular disease requiring surgery, whereas only one trial 1,2 also excluded patients with any type of haemodynamically relevant valvular disease. Thus, exclusion criteria of most trials would allow for inclusion of patients with other significant valvular lesions. However, the frequency of including patients in these trials who had significant valvular disease (SVD), but who do not meet these exclusion requirements, has not been reported. The clinical characteristics and the outcomes of patients with SVD when treated with oral anticoagulants like vitamin K antagonists, especially warfarin or novel factor IIa or Xa inhibitors, are unknown. Therefore, this analysis focuses on AF patients with significant valvular lesions who were not considered to have valvular AF, as defined by haemodynamically significant mitral valve stenosis or prosthetic heart valve ( Table 1) . For this purpose, we retrospectively analysed the data of the large randomized trial Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET AF) that compared warfarin and rivaroxaban, a novel factor Xa inhibitor, in patients with non-valvular AF. 5, 6 Methods The rationale and design of the ROCKET AF study have been published (ClinicalTrials.gov number, NCT00403767). 5 In brief, ROCKET AF was a multicentre, international, double-blind, double-dummy, randomized trial comparing fixed-dose rivaroxaban with dose-adjusted warfarin for prevention of all stroke (ischaemic or haemorrhagic) or systemic embolism. The study was funded by Johnson & Johnson Pharmaceutical Research & Development (Raritan, NJ, USA) and Bayer HealthCare AG (Leverkusen, Germany). The Duke Clinical Research Institute (Durham, NC, USA) coordinated the trial and performed the statistical analyses for this article independent of the sponsors. An international executive steering committee designed the study and takes responsibility for the accuracy and completeness of the analyses. All appropriate national regulatory authorities and ethics committees at participating centres approved the study. This analysis included 14 171 of 14 264 patients in the ROCKET AF trial. Due to one site's violations of Good Clinical Practice guidelines that made the data unreliable, 93 patients were excluded from all efficacy analyses before unblinding but were included in the safety analyses. 6 A total of 2003 patients had SVD. Eleven of these patients were at the site that violated Good Clinical Practice guidelines, and an additional 4 patients were randomized but did not receive study drug. Therefore, 1992 SVD patients were used in the analysis of efficacy endpoints [intention-to-treat (ITT) population], and 1999 SVD patients were used in the analysis of safety endpoints (safety population). None of the patients had undergone transcutaneous aortic valve replacement.
Five patients had been randomized despite the presence of a prosthetic valve. The sites were immediately contacted and instructed to discontinue these patients from study drug. These patients were included in the ITT population but not in the safety population. Three of these five patients died before the end of the study in 1 year to about 3 years after enrolment; the other two patients remained alive and were followed until the end of the study.
Patients were randomized to fixed-dose rivaroxaban [20 mg once daily; 15 mg daily for those with moderately impaired renal function (creatinine clearance 30 -49 mL/min)] or dose-adjusted warfarin (target international normalized ratio 2.0 -3.0), in a double-blind fashion.
Definitions and endpoints
Non-valvular AF was defined 5, 6 as the presence of AF and the absence of mitral stenosis or prosthetic heart valves, whereas annuloplasty with or without a prosthetic ring, commissurotomy, and/or valvuloplasty were permitted. In addition, a planned invasive procedure with a potential for uncontrolled bleeding, including major surgery, was an exclusion criterion. Patients with other types of valvular disease could be included in the trial. Specifically, the case report form asked whether there was 'significant valvular disease,' and if so, it asked for 'valve location and abnormality' and 'etiology.' Thus, for the purpose of this study, any type of valvular lesion that did not meet the above exclusion criteria was included in SVD if it was considered to be significant by the recruiting physician(s) in order to reflect clinical practice (external validity). Additional exclusion criteria were transient or self-limited AF caused by reversible conditions, severe renal insufficiency (creatinine clearance ,30 mL/min), active liver disease, or serum enzyme levels .2× the upper limit of normal, conditions associated with increased bleeding risk, and concurrent antithrombotic drugs other than aspirin (≤100 mg/day as monotherapy was allowed).
The primary efficacy endpoint in ROCKET AF was the composite of all stroke (both ischaemic and haemorrhagic) and systemic embolism. Detection of primary endpoints was enhanced by a standardized stroke symptom questionnaire and additional evaluation by local study-affiliated neurologists or stroke specialists blinded to treatment. A full description of the endpoints in ROCKET AF has been published. 5, 6 Secondary efficacy endpoints included cardiovascular death; all-cause death; the composite of stroke, systemic embolism, or cardiovascular death; and the composite of stroke, systemic embolism, or all-cause death. The safety endpoint was major or non-major clinically relevant bleeding or intracranial haemorrhage. All suspected primary endpoint events and causes of death were adjudicated by an independent clinical endpoint committee.
Patients were evaluated at a minimum of every 4 weeks throughout the trial for study drug management, ascertainment of adverse events, and surveillance for primary endpoints and other clinical events.
Statistical analysis
We used Cox proportional hazards models to assess the association with the risk of outcomes for (1) patients with SVD vs. patients without SVD and (2) rivaroxaban vs. warfarin within subgroups of patients with and without SVD. All models included a term for the interaction between randomized treatment and SVD as well as covariates identified as predictive G. Breithardt et al.
of outcomes by modelling in the full ROCKET AF cohort. The efficacy endpoint models used the ITT population and time period to site notification, and they contained the following as covariates: age, sex, body mass index, prior stroke/transient ischaemic attack, vascular disease (myocardial infarction, peripheral artery disease, carotid occlusive disease), chronic heart failure, hypertension, chronic obstructive pulmonary disease, diabetes mellitus, paroxysmal AF, diastolic blood pressure, creatinine clearance (Cockcroft-Gault), heart rate, and abstinence from alcohol use. The safety endpoint model (safety model I) used the safety population and time period while on treatment, defined as on therapy plus 2 days, and contained the following as covariates: age, sex, prior stroke/transient ischaemic attack, anaemia, prior gastrointestinal bleeding, chronic obstructive pulmonary disease, diastolic blood pressure, creatinine clearance (Cockcroft-Gault), platelets, albumin, and prior aspirin, vitamin K antagonist, or thienopyridine use. In a second step (safety model II), heart failure was added to this model as a covariate on an exploratory basis since it was hypothesized that congestion and hypoperfusion of the gastrointestinal tract and of the liver might increase the propensity to bleeding.
Categorical variables are summarized as percentages (counts), and differences were tested with the Pearson x 2 -test. Continuous variables are summarized as medians (25th, 75th percentiles), and differences were tested with the Wilcoxon rank-sum test. Outcomes are presented as events per 100 patient-years (pt-yrs). Risk relationships are presented as adjusted hazard ratios (HRs) with 95% confidence intervals (CIs) derived from the adjusted Cox models. The time to event for each group was assessed using the Kaplan-Meier method. All statistical analyses were performed by the Duke Clinical Research Institute using SAS software (version 9.2, SAS Institute, Cary, NC, USA).
Results
Clinical characteristics of patients with and without significant valvular disease Among 14 171 patients included in this analysis, 2003 (14.1%) patients had SVD as classified by the investigator. Data from 1992 patients were used for analysis of efficacy endpoints, and data from 1999 patients were used for safety analysis. Table 2 presents information on type of SVD. Mitral regurgitation predominated (89.6%), followed by aortic regurgitation (24.8%), and aortic stenosis (11.0%), exceeding 100% due to cases with more than one type of valvular lesion. The etiology was considered as calcific or degenerative in 40.4% of cases, post-infarction and/or ischaemic in 12.9%, rheumatic in 3.2%, and other, unknown, or having no data in 15.7, 15.9, and 13.7% of cases, respectively. A prior cardiac valvular procedure had been performed in 106 cases (5.3%), which had been a valvuloplasty in 64 of these cases (60.4%) or designated as 'other cardiac valvular procedure' in the remaining 42 cases. Haemodynamically significant mitral valve stenosis. Prosthetic heart valve. Annuloplasty with or without prosthetic ring, commissurotomy, and/or valvuloplasty are permitted. Planned invasive procedure with potential for uncontrolled bleeding, including major surgery
History of heart valve disorder (i.e. prosthetic valve or haemodynamically relevant valve disease)
Valvular disease requiring surgery. Prosthetic mechanical heart valve. Conditions other than atrial fibrillation that required chronic anticoagulation ARISTOTLE 7, 8 Moderate or severe mitral stenosis, conditions other than atrial fibrillation that required anticoagulation (e.g. a prosthetic heart valve) ENGAGE 9, 10 Moderate or severe mitral stenosis, unresected atrial myxoma, or a mechanical heart valve (subjects with bioprosthetic heart valves and/or valve repair could be included) ACTIVE W and A The clinical characteristics of patients in the overall trial population and of patients separated according to the presence or absence of SVD are presented in Table 3 . Significant valvular disease patients were older than patients without SVD (median 75 vs. 72 years; P , 0.0001). There was no difference in sex (female 39.4 vs. 39.6%). There was also no difference in the CHADS 2 and HAS-BLED scores or in the prevalence of diabetes mellitus. Patients with SVD had persistent AF slightly more often but had paroxysmal and newly diagnosed or new-onset AF less often than patients without SVD (P ¼ 0.049). The time since AF diagnosis was significantly longer in patients with vs. without SVD (median 4 and 3 years, respectively, P , 0.0001). Prior stroke, embolism, or 
Efficacy and safety endpoints in patients with and without significant valvular disease
Event rates for efficacy and safety outcomes according to the SVD status are shown in Table 4 . Although stroke or systemic embolism (Figure 1 ) or other combined secondary endpoints were slightly more frequent in patients with SVD than in those without, these differences were not significant after multivariable adjustments, except for systemic embolism, which occurred more often in SVD patients (0.32 vs. 0.14 events per 100 pt-yrs; P ¼ 0.049). Major or non-major clinically relevant bleeding and major bleeding alone occurred significantly more frequently in patients with SVD. The composite endpoint of stroke and major bleeding was significantly (P ¼ 0.0099) more frequent in patients with than in those without SVD [adjusted HR 1.22 (1.05, 1.42); Table 4 ].
Efficacy and safety of rivaroxaban vs. warfarin in patients with and without significant valvular disease 
Discussion
Large, multicentre randomized trials 1 -10 have recently established the efficacy and safety of novel direct-acting oral anticoagulants for the prevention of stroke and systemic embolism in patients with non-valvular AF. In these trials, non-valvular AF was defined as the absence of (rheumatic) mitral stenosis and prosthetic heart valves ( Table 1) , but haemodynamically relevant valve disease was also generally excluded. 1 However, uncertainty and even confusion exists among physicians as to whether patients with other types of SVD and AF paradoxically fall under the category of non-valvular AF and may be treated by novel anticoagulants. Based on the inclusion and exclusion criteria used in ROCKET AF, a large fraction of included patients had SVD.
Definition of non-valvular atrial fibrillation
The American College of Cardiology/American Heart Association/ European Society of Cardiology 2006 guidelines stated that 'The term "non-valvular AF" is restricted to cases in which the rhythm Data are based on multivariable analysis (see Methods). The overall ICH-adjusted hazard ratio (95% confidence interval) were 0.67 (0.47 -0.93) P ¼ 0.02. 6 CI, confidence interval; HR, hazard ratio; ICH, intracranial haemorrhage: NMCR, non-major clinically relevant; MI, myocardial infarction; pt-yrs, patient-years; SE, systemic embolism; SVD, significant vascular disease.
disturbance occurs in the absence of rheumatic mitral valve disease, a prosthetic heart valve, or mitral valve repair.' 13 Similarly, the recent update of the European Society of Cardiology guidelines continue to divide AF into 'valvular' or 'non-valvular' categories. 'Valvular AF' was used to imply that AF is related to rheumatic valvular disease (predominantly mitral stenosis) or prosthetic heart valves. 13, 14 The pinpointing of rheumatic mitral stenosis and prosthetic heart valves as separate entities is based on the generally accepted higher risk of thromboembolic stroke in these patients. 15 Prevalence of valvular heart disease in clinical practice: results from clinical registries 19 ). Although these registries show some variability, the generally high prevalence of patients with any type of valvular disease in clinical practice underlines the need for a better understanding of the benefits and risks of treating patients with SVD with a novel anticoagulant like rivaroxaban. To our knowledge, there has not been a fully published analysis of patients with SVD among the population traditionally designated as 'non-valvular.' Several observations suggest that the incidence and localization of thrombus formation in patients with 'rheumatic' AF (i.e. in mitral stenosis) may be different from that in non-valvular AF. Among patients with rheumatic AF, about half of thrombi were found in the left atrial appendage and the rest in its cavity, whereas in non-valvular AF, thrombi were predominantly found in the left atrial appendage. 22 This difference in location of thrombi may influence outcomes and efficacy of anticoagulant therapy.
Clinical characteristics and outcomes of patients with and without significant valvular disease in ROCKET AF
The ROCKET AF protocol was designed and conducted specifically to ensure that patients in the trial were similar to those in the clinical trials upon which the non-inferiority margin was based. Apart from patients with haemodynamically significant mitral valve stenosis, prosthetic heart valves, or planned invasive procedures with potential for uncontrolled bleeding, including major surgery ( Table 1) , SVD of other types occurred in 14% of patients in ROCKET AF ( Table 2) , most frequently mitral (89.6%) or aortic regurgitation (24.8%), and aortic stenosis (11.0%).
Mitral regurgitation of rheumatic origin has become a relatively rare entity since mitral regurgitation nowadays is mostly due to (i) the presence of coronary artery disease and its complications or (ii) left ventricular dysfunction due to other causes. This is consistent with the higher prevalence of heart failure and prior myocardial infarction observed in patients with mitral regurgitation in ROCKET AF and substantiates the observation that SVD patients were more prevalent in North America and Eastern Europe ( Table 3) .
The major finding in this post hoc analysis was that after adjusting for differences in baseline prognostic factors, participants with SVD shared an incidence of thromboembolic ischaemic events and mortality that was similar to that of participants without SVD. In line with identical CHADS 2 scores, the rates of stroke were similar among patients with and without SVD. However, the rate of systemic embolism was twice as high in SVD patients and reached marginal statistical significance (P ¼ 0.049). All other efficacy outcomes were not significantly different, although they also tended to be numerically higher in SVD patients. The differences in the rates of systemic embolism may reflect the play of chance.
We observed a significantly higher prevalence of major or nonmajor clinically relevant bleeding, and of major bleeding alone after multivariable adjustment, which included (among other factors) prior aspirin, vitamin K antagonist, or thienopyridine use, and renal function. There were no significant differences between patients with and without SVD with regard to gastrointestinal bleeding. The HAS-BLED 23, 24 score as a measure of the risk of bleeding did not differ between patients with and without SVD. The question arises as to whether the adjusted differences in extra-cranial bleeding events are a play of chance, are a true biological effect, or may reflect hitherto unidentified residual confounding effects (e.g. differences in practice patterns). Since patients with SVD more frequently had vascular disease, deviations from baseline concomitant drug therapy, especially antiplatelet drugs, during the course of the trial would be a possible explanation. However, there was no difference in the new use of antiplatelet drugs in those who were not on any one drug at baseline, or of the duration of aspirin use in all patients or in those on rivaroxaban or warfarin, nor in the presence of heart failure (as hypothesized above; Supplementary material online). Although a higher proportion of patients in the SVD group had been on vitamin K antagonism therapy, which beforehand could have influenced the outcomes in the SVD group in favour of warfarin, prior vitamin K antagonist use was adjusted for in the analysis and, thus, is improbable as an explanation. Overall, the clinical importance of these post hoc observations requires further study.
Efficacy and safety of rivaroxaban vs. warfarin in patients with and without significant valvular disease While the above observations are based on patients with and without SVD independent of treatment allocation to either warfarin or rivaroxaban, the question arises as to whether any differences might exist with regard to the outcomes on either drug. The results of our present analyses show that the effects of warfarin and rivaroxaban on thromboembolic and ischaemic cardiovascular outcomes did not differ among AF patients with and without SVD. With regard to bleeding, a statistically significant quantitative interaction was observed between treatment and SVD, with HRs for major or nonmajor clinically relevant bleeding combined and major bleeding alone that were higher with rivaroxaban than with warfarin in patients with (1.25 and 1.56, respectively, with 95% CIs above 1.0) and without SVD (1.1 and 0.98, respectively). Whether this effect is real or simply the result of multiple post hoc reviews of the data is debatable.
Is non-valvular atrial fibrillation a misnomer?
The generally accepted term 'non-valvular AF' is misleading since the ROCKET AF trial, as well as other trials (Table 1) , has allowed the inclusion of patients who, although not having mitral stenosis or artificial heart valves or valve repair, could have other types of valvular heart disease. In ROCKET AF, these valvular lesions were considered by the recruiting investigator and his or her team as significant. As long as there is no agreed-upon new term, 'non-valvular AF' will continued to be used, but one should always stress that this does not exclude patients with other types of valvular heart disease from therapy with novel anticoagulants like rivaroxaban.
Limitations
The protocol did not include precise quantification of valve disease. However, the term 'significant' valvular lesion implied that the physician did not consider it as less than moderate. On the other hand, it could also not be of such haemodynamic significance that cardiac surgery would be necessary in the foreseeable future since this was an exclusion criterion. Thus, the majority of patient can be suspected to have had moderate valve disease.
Some baseline characteristics of patients with SVD differed significantly from those of patients without SVD. Thus, despite statistical adjustments, substantial bias might remain, and, therefore, results should be regarded as hypothesis generating. Finally, the number of events in the group of patients with SVD, especially intracranial bleeding, was particularly low, which may indicate that these differences may have occurred by chance.
Conclusions
In the ROCKET AF trial, every seventh patient had SVD. This proportion is probably a low estimate of the prevalence of SVD in clinical practice. 16 -21 Importantly, AF patients with SVD experienced the same stroke-prevention benefit from oral anticoagulants as did AF patients without SVD. The quantitative interaction in bleeding rates that were higher with rivaroxaban than with warfarin in patients with SVD requires special attention and careful use of rivaroxaban in these patients. Therefore, SVD patients, except for those with haemodynamically significant mitral valve stenosis or prosthetic heart valves, represent an important part of the spectrum of nonvalvular AF to which the results of trials of oral anticoagulants apply, at least as far as the use of rivaroxaban is concerned. The type of patients included in this trial corresponds to the definition of non-valvular atrial fibrillation as was just re-emphasized in the very recent AHA/ACC/HRS guidelines. 25 Since these patients are encompassed in the prescription labels of the drug regulatory authorities, it is important for the physician to know that there might be some differences between patients with and without SVD, even if patients meet the criteria for non-valvular AF.
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